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(57) ABSTRACT 
The present invention relates to Method for controlling 
medium access in a mesh network comprising the following 
steps: a station of the network receiving a Network Allocation 
Vector (NAV) setting frame indicating a period of time during 
which the station cannot access the medium, the station 
setting a Network Allocation Vector expiration timer based on 
the received setting frame, the station detecting a least one 
reservation made by two other stations in the network, and 
setting a respective Reservation Allocation Vector (RAV) 
expiration timer based on the duration of the detected reser 
Vation, and storing the identity of the two stations as owners 
of the reservation, the station updating the NAV expiration 
timer as the latest of the NAV expiration time of the NAV 
setting frame and all set respective RAV expiration timers. 

9 Claims, 1 Drawing Sheet 
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METHOD FOR CONTROLLING MEDIUM 
ACCESS IN A MESH NETWORK USING 
ALLOCATION VECTORS AND STATION 

CARRYING OUT SUCH METHOD 

FIELD OF THE INVENTION 

The present invention relates to a method for avoiding 
collisions of reservations in wireless communication net 
works. 

This invention is, for example, relevant for mesh networks 

BACKGROUND OF THE INVENTION 

In a standard infrastructure of a wireless Local Area Net 
work, which is a centralised network, all client stations are in 
the range of, and attach to an Access Point acting as a master 
station. In mesh networks, however, not all the stations are 
within the hearing range of each other, namely radio meshes 
comprise many hidden terminals. Accordingly, in Such net 
works, there is a risk of seeing interference with ongoing 
transmissions. Thus, data transmission methods used in stan 
dard infrastructure network turn out to be inefficient in mesh 
networks. 
To remedy this issue, it has been proposed in IEEE 802.11 

to use Network Allocation Vectors (NAVs) to inhibit medium 
access of a station when another transmission is already going 
on. A NAV is set and reset by data transmissions or manage 
ment frame transmissions. However, it has been noted that 
this NAV mechanism is not well suited when multiple, simul 
taneous reservations are pending. Let's detail this deficiency 
based on an exemplary network comprising five stations A, B, 
C and D. Station C uses the NAV to inhibit medium access. 
Stations A and Bhave little data to transmit and station E is the 
owner in a reservation by D and E. As stations A and B have 
little data to transmit, they may foreshorten their transmis 
Sion. However, existing mechanisms for foreshortening trans 
mission reset the NAV, so that stations C is no longer blocked 
and can access the medium. Doing so, however, it interferes 
with the ongoing transmission from D to E, which will be 
corrupted by any transmission attempt by C. 

To avoid such interference, it could obviously be possible 
to make the NAV permanent, so that it cannot be reset. With 
this solution, any compliant station sets its NAV as soon as 
any reservation period starts and goes to a sleep mode until the 
end of the reservation period, or until the end of the last 
reservation period if there are multiple, consecutive, reserva 
tions. However, this has a second drawback that lots of airtime 
can be wasted in case a station having reserved the medium, 
does not have any data to transmit. 

SUMMARY OF THE INVENTION 

It is an object of the invention to propose a method for 
controlling medium access in a mesh network overcoming at 
least one of the above-mentioned drawbacks. 
More precisely, it is an object of the invention to propose a 

method avoiding collisions for multiple overlapping reserva 
tions in a mesh network. 

Another object of the invention is to propose a method 
offering good performance in terms of airtime utilisation. 

Yet another object of the invention is to propose a method 
that can be combined with existing standard methods for 
communication in a mesh network, Such as reservation meth 
ods, or network management. 
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2 
To this end, the present invention provides a method for 

controlling medium access in a mesh network comprising the 
following steps: 

a station of the network receiving a Network Allocation 
Vector (NAV) setting frame indicating a period of time 
during which the station cannot access the medium, 

the station setting a Network Allocation Vector expiration 
timer based on the received setting frame, 

the station detecting a least one reservation made by two 
other stations in the network, and setting a respective 
Reservation Allocation Vector (RAV) expiration timer 
based on the duration of the detected reservation, and 
storing the identity of the two stations as owners of the 
reservation, 

the station updating the NAV expiration timeras the latest 
of the NAV expiration time of the NAV setting frame and 
all set respective RAV expiration timers. 

In such a method, the NAV still determines whether access 
to the medium is allowed or not. However, the NAV is now set 
by taking the RAVs into account, and is defined in Such away 
that access to the medium is allowed only when neither NAV 
nor any of the RAVs is set. Within the meaning of the present 
invention, a NAV or a RAV is said to be set when a corre 
sponding NAV expiration timer or RAV expiration timer is set 
in the station. In all the description, expressions such as NAV 
(resp. RAV), NAV expiration timer (resp. RAV expiration 
timer), and NAV counter (resp. RAV counter) will be under 
stood with the same meaning, i.e. as the value Stored in the 
station that is decreased for determining the end of the RAV or 
NAV. 

This method thus avoids any collision in reservations, 
because a station can access the medium only when all estab 
lished reservations have ended. However, in order to save 
airtime, it might be useful that the station can access the 
medium in case a reservation is foreshortened. In this view, 
the present invention comprises, in an embodiment where at 
least one RAV is already set in the station, the following steps: 
upon receipt of another NAV setting frame, determining 

the originator of the frame, 
in case the originator is a owner of a reservation corre 

sponding to one of the set RAVs, adapting the corre 
sponding RAV to the received NAV setting frame, and 

updating the NAV expiration timer accordingly. 
In a specific embodiment, the NAV setting frame indicates 

a release of the RAV, and the RAV expiration timer is thus set 
as O 

Accordingly, when a reservation is foreshortened, the NAV 
setting frame is sent by a reservation owner. This frame is 
received at the station, which then updates the RAV. Subse 
quently, the NAV is updated so as to take into account this 
change. Thus, this method allows airtime saving while still 
ensuring collision avoidance. 

However, in case several RAVs are present in the station, 
overhead associated with manipulating all the RAVs timers 
can be substantial. Thus, in some embodiments, a method 
according to the invention comprises the step of determining 
the number of RAV timers set in the station, and of adapting 
the RAV to the received NAV only if the number of RAV 
timers is strictly less than a predetermined number, for 
example two. Even if this feature reduces the possibility for 
medium access for the station when reservations are fore 
shortened, the corresponding RAV timer, and thus the NAV 
timer are not updated, however it also allows reducing the 
complication of the solution. 

Another object of the invention relates to a station adapted 
for being set up in a wireless communication network com 
prising at least two other stations, the station comprising: 
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means for receiving a NAV setting frame, 
means for setting a NAV expiration timer upon receipt of a 
NAV setting frame, 

means for detecting reservation made by the two other 
stations, and for setting up a RAV expiration timer based 
on the reservation duration, 

means for updating the NAV expiration timer as the latest 
of the NAV expiration time of the NAV setting frame and 
all set respective RAV expiration timers. 

In another embodiment, the station comprises a set RAV, 
and further comprises: 

means for determining, upon receipt of a NAV setting 
frame, the originator of the frame, 

means for comparing the originator of the frame with the 
owners of the RAV, 

means for adapting the corresponding RAV to the received 
NAV setting frame, in case the originator is a owner of 
the reservation corresponding to one of the set RAVs, 
and 

means for updating the NAV expiration timer accordingly. 
These and other aspects of the invention will be apparent 

from and will be elucidated with reference to the embodi 
ments described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described in more detail, 
by way of example, with reference to the accompanying 
drawings, wherein: 

FIG. 1 is a block diagram showing operation of a method 
according to the invention, 

FIG. 2 is a block diagram showing an exemplary embodi 
ment of a method according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method for controlling 
medium access in a mesh network. In this method, we pro 
pose to improve existing mechanisms carrying out Network 
Allocation Vector (NAV) by introducing multiple Reserva 
tion Allocation Vectors (RAVs). Contrary to a NAV, a RAV is 
associated with one specific reservation. Thus, as soon as the 
corresponding reservation starts, the RAV is set in a station 
and initialised to the duration of the reservation. Actually, 
RAVs are implemented as counters, or timers, that are 
counted down as time elapses, and that expire as soon as they 
reach 0. The reservation start and duration are advertised by 
the reservation owners after the reservation setup, and are 
known by the neighbouring stations. 

However, as explained before, the present invention is such 
that, in order to allow airtime Savings, RAVs may be updated 
within the course of a reservation. This exemplary embodi 
ment will now be detailed in connection with FIG. 1. 

Let's assume that the station having one set RAV receives 
a NAV setting frame (“RX NAV). A NAV setting frame is, for 
example, a data frame with the duration/ID set, a Request-to 
Send/Clear-to-Send (RTS-CTS exchange, or e.g. a CF-end 
frame. Upon receipt of the frame, the station first checks 
(“CHECK') whether the setting frame comes from the ini 
tiator or the responder of the reservation corresponding to the 
set RAV. Within the meaning of the present invention, a res 
ervation initiator is a station initiating the transmission after 
having made a reservation and a reservation responder is a 
station receiving said data transmission during said reserva 
tion period. In this specification, both a reservation initiator 
and a reservation responder are designated as reservation 
owners. If the NAV setting frame does not come from any of 
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4 
the initiator or responder of the reservation, then no action is 
performed. On the contrary, if the setting frame comes from 
the owner or the responder of the reservation, then the RAV is 
adjusted (“RAVADJUST) for this reservation. Such adjust 
ment may consist in setting the RAV as expired, which means 
setting the RAV expiration timer, or counter, to 0. Such 
adjustment may also consist in setting the RAV to the cur 
rently estimated duration of the intended transmission, which 
means reducing the RAV expiration timer from the reserved 
time period to this estimated duration. 

Then, since the NAV timer is, in the present invention, set 
by taking into account the RAVs, the method is such that the 
NAV is also adjusted (“NAVADJUST) using the RAVs and 
the frame. As said previously, the NAV expiration timer is set 
as the maximum of the current NAV and all the set RAVs 
expiration timers. 

Actually, in a method according to the present invention, a 
RAV set in a station may be adjusted in three specific occa 
sions: 
Upon receipt of a NAV setting frame, as just described, 
When a new RAV is set, and 
When a RAV expired. 
After adjustment of the RAV in the two first situations, the 

NAV expiration timer is adjusted by the station. In the third 
case, it is not necessary, because normal expiration of a RAV 
is already taken into account in the NAV. 
As said previously, a method according to the invention is 

highly advantageous in that it can be used in combination 
with existing mechanisms. We will now describe, in connec 
tion with FIG. 2, an embodiment of the present invention 
when used with RTS-CTS mechanism, which allows to fore 
shorten reservation period when possible. 
The RTS-CTS mechanism operates as follows: 
a source station wanted to transmit data issues a Request to 

Send (RTS) frame to the intended destination station, 
the destination station responds with a Clear to Send (CTS) 

frame, 
upon receipt of the CTS, the source station transmits data, 

and destination responds with ACK. 
The RTS-CTS frames are, in an embodiment of the present 

invention, used for resetting the RAVs. Apart from this aspect, 
RTS-CTS can be used to make the frame exchange more 
robust against varying channel conditions. Indeed, the RTS 
CTS frame exchange then also serves as a test frame exchange 
to determine whether the channel conditions are sufficient for 
Successful frame exchanges. If this turns out to be not the 
case, then only the Small test frame is lost, rather than the 
longer data frame. This exchange can also be used to increase 
robustness to legacy stations that do not implement the res 
ervation method. Indeed, any such legacy station is not aware 
of the reservation and can potentially start an interfering 
transmission. The RTS-CTS also, instantly, reserves the 
medium for all legacy stations. 

Thus, in the embodiment shown on FIG. 2, when the res 
ervation period starts (“START), the station first checks 
whether predetermined characteristics limits are exceeded or 
not. Those characteristics limits are: 

Legacy station limit (“legacy check), 
Error history limit ("error check”), and 
Frame size limit (“size check”). 
If none of these values is exceeded, then the method goes 

on with a step of determining NAV setting values (“NAV DET 
1'). Once these values are determined, then the station ini 
tiates transmission ("Tx), for example via a data acknowl 
edgment message, or via a data CF-poll. 

If, on the contrary, one of the characteristic limits is 
exceeded, then the method also determines NAV setting val 
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ues (“NAV DET 2'). Then, the station initiates data transfer 
via a RTS-CTS exchange (“RTS-CTS), as previously 
described. 
Now, coming back to the method as shown in FIG. 1, it has 

been noted that the overhead associated with manipulating a 
number of RAV counters can be substantial. This is especially 
the case when receiving a NAV setting frame as in “NAV RX'. 
Indeed, decision of resetting a RAV and updating the NAV 
must be implemented quickly, so as allow reuse of the 
medium. In this view, simplification of the method may be 
achieved as follows: a station enters into the RAV decision 
diagram of FIG. 1 when only a limited number of RAVs have 
been set. In a preferred embodiment, this limited number is 
equal to two. Thus, if the number of active RAVs exceeds this 
limit, the stations goes to sleep mode until the end of last 
RAV: if the number of set RAVs is equal to or below this limit, 
the station follows the decision diagram. 

Moreover, in an alternative embodiment of the present 
invention, the station may decide to actively manipulate the 
RAV counters. Such a decision is made based on history and 
communications needs. Indeed, if communication need is 
high and a specific reservation has often been shortened, then 
it is useful to actively listen to the medium so as to detect 
reservation foreshortening more easily, thus enabling optimal 
medium access. On the contrary, if the communication needs 
are low, or the reservation has not been foreshortened on 
previous occasions, then it is not necessarily useful to actively 
listen to the medium so as to enable optimal medium access, 
and the station might alternatively go to sleep. 
The present invention is more especially dedicated to mesh 

networks compliant with IEEE 802.11 standard. More pre 
cisely, this invention is highly advantageous in that it can be 
used in combination will all existing management protocols, 
reservation protocols or any other protocol defined in 
802.11 S. 

However, it is to be noted that the present invention is not 
limited to mesh networks, but can be used in any wireless 
communication network. 

In the present specification and claims the word “a” or “an 
preceding an element does not exclude the presence of a 
plurality of such elements. Further, the word “comprising 
does not exclude the presence of other elements or steps than 
those listed. 

The inclusion of reference signs in parentheses in the 
claims is intended to aid understanding and is not intended to 
be limiting. 

From reading the present disclosure, other modifications 
will be apparent to persons skilled in the art. Such modifica 
tions may involve other features which are already known in 
the art of wireless communication and which may be used 
instead of or in addition to features already described herein. 
The invention claimed is: 
1. A method for controlling access to a medium in a mesh 

network comprising: 
receiving, by a station of the mesh network, a first Network 

Allocation Vector (NAV) setting frame indicating a 
period of time during which the station cannot access the 
medium; 

setting a NAV expiration timer based on the first NAV 
setting frame; 

detecting at least one reservation made by two other sta 
tions in the network; 

setting a respective Reservation Allocation Vector (RAV) 
expiration timer based on the duration of the detected at 
least one reservation; 

storing the identity of the two stations as owners of the 
reservation; and 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
updating the NAV expiration timer as the maximum of a 
NAV expiration time of the first NAV setting frame and 
all of the RAV expiration timers that have been set. 

2. The method as recited in claim 1, further comprising, in 
a station already comprising at least one RAV: 
upon receipt of a second NAV setting frame, determining 

an originator of the second frame; 
in case the originator is an owner of a reservation corre 

sponding to one of the set RAVs, adapting the corre 
sponding RAV to the second NAV setting frame; and 

updating the NAV expiration timer accordingly. 
3. The method as recited in claim 2, wherein the second 

NAV setting frame indicates a release of the reservation, and 
the RAV expiration timer is thus set as 0. 

4. The method as recited in claim 2, further comprising 
determining the number of RAV timers set in the station, and 
adapting the RAV to the second NAV only if the number of 
RAV timers is strictly less than a predetermined number. 

5. The method as recited in claim 4, wherein the predeter 
mined number is equal to 2. 

6. The method as recited in claim 1, further comprising, 
upon receipt of the NAV setting frame: 

the station determining whether one of the following limits 
is exceeded: a legacy station limit, an error history limit, 
and a frame size limit; 

in case no limit is exceeded, the station determining the 
NAV setting values and initiating transmission; and 

in case a limit is exceeded, the station determining the NAV 
setting values and initiating data transfer via a Request 
to-Send/Clear-to-Send (RTS-CTS) frame. 

7. The method as recited in claim 1, further comprising the 
station actively listening to the medium, so as to detect res 
ervation foreshortening. 

8. A station being set up in a wireless communication 
network comprising at least two other stations, the station 
configured to perform a method comprising: 

receiving, by a station of the mesh network, a first Network 
Allocation Vector (NAV) setting frame indicating a 
period of time during which the station cannot access the 
medium; 

setting a NAV expiration timer based on the first NAV 
setting frame; 

detecting at least one reservation made by two other sta 
tions in the network; 

setting a respective Reservation Allocation Vector (RAV) 
expiration timer based on the duration of the detected at 
least one reservation; 

storing the identity of the two stations as owners of the 
reservation; and 

updating the NAV expiration timer as the maximum of a 
NAV expiration time of the first NAV setting frame and 
all of the RAV expiration timers that have been set. 

9. The station as recited in claim 8, further comprising: 
determining, upon receipt of a second NAV setting frame, 

the originator of the frame; 
comparing the originator of the frame with the owners of 

the RAV: 
adapting the corresponding RAV to the second NAV setting 

frame, in case the originator is an owner of a reservation 
corresponding to one of the set RAVs; and 

updating the NAV expiration timer accordingly. 
k k k k k 


